Electron microscopy of root and leaf cells of Beta vulgaris, Spinacia oleracea, Chenopodium quinoa and Stellaria media infected with beet necrotic yellow vein virus revealed individual rod-shaped particles, sometimes scattered throughout the cytoplasm, but more often loosely associated within angled-layer aggregates. These particles were restricted to a few cells of the host tissues and not associated with any cell constituents.
I978), Czechoslovakia (J. B. Novak, personal communication) and perhaps the U.S:A. (G. I. Mink, personal communication).
Preliminary experiments suggest that BNYVV is transmitted by the plasmodiophoromycete fungus Polymyxa betae Keskin (Tamada et al. 1975; Fujisawa & Sugimoto, 1977; Vuittenez et al. 1977) . BNYVV has been considered as a tentative member of the tobamovirus group, together with soil-borne wheat mosaic virus (SBWMV) and potato mop-top virus (PMTV; Gibbs, I977). Attempts to purify the virus have been hindered by the tendency of particles to aggregate both end-to-end and side-by-side in plant sap extracts and consequently to sediment at low centrifugal forces_during the early stages of clarification (Putz & Kuszala, 1978) . BNYJg-Vprobably also only occurs in low concentrations in some parts of infected plants.
In an attempt to overcome these difficulties we have investigated the location of virus particles in leaves and roots of naturally infected beet cultivars and also in the leaves of experimentally infected spinach (Spinacia oleracea), Chenopodium quinoa and chickweed (Stellaria media). The purpose of this paper is to describe the appearance of BNYVV in infected plant cells.
The virus isolate was obtained in northern Alsace (Putz & Vuittenez, I974 )from sugar beet with typical symptoms of 'rhizomania'. It was inoculated into C. quinoa, spinach or beet, either mechanically or by transmission with the fungus vector. The identity of the virus was established by serology, symptomatology and host range. For electron microscopy, pieces of leaves with local lesions or conspicuous cream yellowing along the veins as well as comparable healthy tissues were selected. Small segments of whitish-brown areas in lateral roots of infected beet or spinach were also cut. Tissue fragments were fixed for I h at 22 °C in 2"5 % glutaraldehyde in o.I M-phosphate buffer, pH 7"2, post-fixed with osmium tetroxide and then rinsed in phosphate buffer. After ethanol and propylene oxide dehydration, the tissues were embedded in a mixture of Epon 812 plus araldite resin. Ultrathin sections were cut with a glass knife on an LKB Ultrotome II, and stained with uranyl acetate and lead citrate before examination in a Siemens Elmiskop I electron microscope.
oo22-1317/8o/oooo-4o76 $o2.oo © t98o SGM Rod-shaped straight particles were readily observed in root parenchyma cells of beet and in mesophyll parenchyma cells of systemically infected leaves of beet and spinach, as well as in local lesions on the same hosts and also on C. quinoa and S. media. Single particles were irregularly scattered throughout the cytoplasm of infected cells, mainly between adjacent chloroplasts and mitochondria or near the cell wall (Fig. I) . No characteristic c.p.e, resulted from virus infection but local lesions (C. quinoa) frequently contained round-shaped chloroplasts with disorganized grana and many dark-stained inclusions. No association was observed between virus particles and cell organelles. The particles were absent in many cells, even in hosts with systemic symptoms such as vein yellowing in leaves of sugar beet. No virus-like particles were found in vascular tissues of infected plants or in any tissue of healthy plants. Individual particles had a maximum length of 56o rim; when cross-sectioned, particles showed a dense core without a central hole. The width of stained rods ranged from to to I5 nm, much less than the width of purified BNYVV particles (2o r/m) in negatively stained preparations.
Short communications
The most characteristic aspect of the appearance of BNYVV in infected cells was its tendency to form clusters of rod-like particles which were particularly abundant in some cytoplasmic areas of parenchyma cells of leaves or roots. In these areas the aggregates consisted of single layers of 6 to 12 parallel virus particles, one layer being placed over the next at an angle of 45 °C. This maximum angle was only reached when layers were parallel to the section plan. Such sections were approximately three virus-layers thick. This arrangement of particles typically gave the effect of a three-directional crosshatching, although the crosshatched aggregates were more irregularly constructed than those described by Warmke (t968) for an aucuba strain of tobacco mosaic virus (TMV) and contained unusually long particles in addition to particles of the usual size. Measurements of spacing of BNYVV particles in a layer, although easier than measurement of the width of individual particles, are nonetheless not very accurate because of the irregularity of position of many particles in the array. The average value obtained for the distance between axes of dark rods was 23 to 24 nm, i.e., more than the width of the complete particle (2o nm for purified virus). Thus the particles in the angle-layered clusters are not closely packed side by side.
This work agrees with the findings of Tamada (I975) that BNYVV particles are readily observed in cytoplasm but without any detectable association or relationship with cell organelles (Stocky et al. I977) . The number of BNYVV particles detectable is much less than for TMV, the type virus of this group. BNYVV particles are unevenly distributed in infected plants, apparently being absent in many cells, but a high concentration is found in others when they are aggregated. These features may explain the difficulties encountered in extraction and purification of BNYVV from infected plant tissues and show that this virus does not resemble most of the other soil-borne rod-shaped viruses in its in vivo behaviour (Harrison & Jones, 197o; Peterson, t97o; Fraser, ~976 
